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Abstract
An eye fundus is an only part where a blood vessel can be observed directly from the outside of the human body. An elasticity of a
blood vessel on an eye fundus is lost according as the progression of arteriosclerosis. The elasticity can be evaluated by observing
the beating of the blood vessel. We propose in this paper a method of a beat detection of blood vessel from SLO (Scanning Laser
Opthalmoscope) eye fundus moving image. The proposed method consists of a blur correction and a vessel diameter evaluation.
In the experiments, the beating of the blood vessel has been successfully detected from the SLO moving image.
c© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of KES International.
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1. Introduction
Heart disease and cerebrovascular disease are the main causes of death in the whole world. A cerebral stroke is a
main cause of the needed long-term care. Aging is one of the factors of stroke onset. The number of the patients of
cerebral stroke will increase because of the rise of aging rate. Risk factors of stroke are high blood pressure, diabetes
and arteriosclerosis in addition to the aging. It is important to detect those risk factors to prevent a stroke.
A stroke can be due to ischemia caused by a blockage or a hemorrhage of blood. Since the cerebral blood ves-
sels can not be seen directly, the cross-sections of the brain are imaged by using CT (Computed Tomography), MRI
(Magnetic Resonance Imaging), etc. A blockage or a hemorrhage of blood is detected using those images. However,
hospitals that can do inspections using those images are not yet so many in number. Furthermore, it is diﬃcult to re-
ceive timely the inspections before developing a stroke because a stroke often develops without subjective symptoms.
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Funduscopy is one of the diagnosis methods for arteriosclerosis and hypertension. The eye fundus is the only part
where a blood vessel can be observed directly from the outside of the human body. In addition, the eye fundus blood
vessels belong to the group of strain vessels, the same as the brain blood vessels. Strain vessels are susceptible to
high blood pressure because they are always exposed to high pressure. It is considered that the conditions of the brain
blood vessels are similar to those of the eye fundus blood vessels, because they belong to the same strain vessel group.
There are many studies on eye fundus image analysis in order to diagnose heart disease and cerebrovascular dis-
ease1. However there is no study on the automatic analysis for the beating of the eye fundus blood vessels. The beating
of the blood vessels changes according as a progress of an arteriosclerosis. It is further considered that the level of
the arteriosclerosis level can be evaluated by observing the beating of the blood vessel. We succeeded in our previous
studies to detect the beating from the color moving image taken under a specialized condition with radiating a strong
light toward the internal surface of the eye. The eye of the test subject however might be injured if the experiments
were conducted by a non-medical expert as a result of a strong light radiation for a long time. The medical expert’s
skill to take the moving image is strongly needed, because the medical apparatus for taking that image doesn’t exist.
On the other hand, SLO (Scanning Laser Ophthalmoscope)2 is another alternative to take the eye fundus moving
image. Unlike the special photographing in our precious study, the burden on a test subject’s eye is smaller because
this method uses a laser, however the resolution is low and the image is black and white. In this study, we try to
evaluate the beating of the blood vessel on an eye fundus by using this SLO moving image.
In the present method, the blurring of the eye fundus caused by the eye ball fremitus is compensated by template
matching. The intensity profile of pixel on the line in the direction perp endicular to the central line of a beating blood
vessel is firstly taken. The diameter of a blood vessel is determined by FWHM (Full Width at Half Maximum)3 of
that intensity profile. The diameter of the beating blood vessel is evaluated in each frame of the moving image, which
makes the time course of the diameter.
In the experiments, the proposed method has been applied to the actual SLO eye fundus moving image. We have
succeeded to detect the beating of blood vessel.
2. Strain vessel
The blood vessels of the brain, heart, kidney, and eye belong to the vascular group called strain vessel4. The strain
vessel has a mechanism that pumps blood to vital organs when the blood pressure is reduced due to, e.g., bleeding, in
preference to other organs. The strain vessel is exposed to high pressure because it branches directly from the thick
blood vessel such as the aorta. For this reason, the strain vessel is susceptible to high blood pressure and tends to
develop vascular diseases.
3. Scanning laser ophthalmoscope
The SLO (Scanning Laser Ophthalmoscope) is one of the photographing devices for funduscopy. The SLO can
record not only the still images but also the moving images. The SLO irradiates to an eye fundus with very small spot
light of laser, and scans the whole of eye fundus. The SLO gives the eye fundus image by reconstructing the reflected
light. The light quantity in photographing of SLO is very small, and the flush is not needed. For this reason, the burden
on a test subject’s eye is smaller than photographing the normal color eye fundus image, however the resolution is
lower and the image is black and white. Figs.1 and 2 show the color eye fundus image and the SLO eye fundus image,
respectively.
4. Arteriosclerosis and beating of blood vessel
An arteriosclerosis is the state where the blood vessel is hardened because of adhesion of cholesterol. An elasticity
of a blood vessel is lost through the progress of an arteriosclerosis. A burden on the heart becomes large because the
heart can’t pump blood successfully owing to the lost of elasticity. An arteriosclerosis leads to change the beating of
blood vessel.
Funduscopy is one of the medical examinations of arteriosclerosis. Diagnosis of arteriosclerosis is executed by
observing the beating of the blood vessel.
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Fig. 1. Normal color eye fundus image.
Fig. 2. SLO eye fundus image.
5. Proposed method
Fig.3 shows the process flow of the proposed method. The conventional method consists of the two main steps,
”blur correction” and ”calculation of blood vessel diameter.” Concrete procedures are described in the following.
5.1. Blur correction
The blur of the eye fundus moving image is caused by the eye ball fremitus. The blur correction is necessary for
capturing the beat of blood vessel. The blur is corrected by template matching.
Template matching5 is a method to search the area similar the template. A normalized correlation RZNCC (Zero-
Mean Normalized Cross-Correlation) is used for checking the similarity of the area and the template. RZNCC is given
by:
RZNCC =
N−1∑
j=0
M−1∑
i=0
(I(i, j) − ¯I)(T (i, j) − ¯T )
√√N−1∑
j=0
M−1∑
i=0
(I(i, j) − ¯I)2 ×
N−1∑
j=0
M−1∑
i=0
(T (i, j) − ¯T )2
. (1)
The template size is M × N, T (i, j) is the pixel value of the template at the position (i, j), I(i, j) is the pixel value of
the target image. ¯I and ¯T are the averages of the pixel values given by:
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¯I =
1
MN
N−1∑
j=0
M−1∑
i=0
I(i, j), (2)
¯T =
1
MN
N−1∑
j=0
M−1∑
i=0
T (i, j). (3)
In this study, the template is determined on a voluntary basis. The template matching is carried out by raster
scanning and it stops at a position where RZNCC becomes maximum.
5.2. Calculation of blood vessel diameter
The edge coordinates of the blood vessel are determined from SLO eye fundus image, and the vessel diameter is
calculated. Firstly, the centerline of the blood vessel is determined by applying a thinning process to the blood vessel
image. Secondly, the perpendicular line is drawn according to the blood vessel centerline, and the intensity profile
is obtained from this perpendicular line. Finally, FWHM (Full Width at Half Maximum) of the intensity profile is
calculated, and the blood vessel diameter is determined.
The time series of the diameter change of the beating blood vessel is given by evaluating each frame of the moving
image.
5.2.1. Centerline of blood vessel
The vessel diameter is defined as the length of the perpendicular line to the blood vessel centerline, the two end-
points of that are at each vessel wall. Thinning process6 is applied to the blood vessel image in order to determine
the blood vessel centerline. Fig.4 shows the example of the blood vessel centerline. Thinning process is a method to
convert a binary image to lines of width 1, keeping connectivity.
5.2.2. Collinear approximation of vessel centerline and its perpendicular
The centerline is divided into segments, which are approximated by the piece straight lines using liner regression
analysis. Fig.5 shows the centerline approximation results by the piecewise straight lines. The slope of this straight
Fig. 3. Process flow of present method.
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Fig. 4. Blood vessel centerline.
Fig. 5. Centerline approximated by piecewise straight
lines.
Fig. 6. Perpendicular lines to the centerline.
line is calculated, and the perpendicular line to the centerline is determined. Fig.6 shows the perpendicular lines to
the centerline.
5.2.3. Calculation of blood vessel diameter
The intensity profile is calculated along the perpendicular line to the centerline of a blood vessel. The intensity
profile is a set of pixel intensities along the perpendicular line. Fig.7 shows the example of an intensity profile.
An intensity profile tends to have a Gaussian distribution curve against the background intensity of the surrounding
retina. An estimate of the blood vessel diameter is obtained by using the Gaussian model. The FWHM of the Gaussian
curve determines the blood vessel diameter.
5.2.4. Interpolation of blood vessel diameter
It can happen that the whole image is dark in some consecutive frames of moving image because of the blinks
by the subject. The blood vessel diameter can’t be calculated for those dark images. That diameter is estimated
by interpolating the time course of diameter by spline curve7. Fig.8 shows spline curves. This interpolation is
summarized as follows:
1. Input data of 3 consecutive points (x0, f0), (x1, f1), (x2, f2).
2. Calculate the first-derivative f ′i by solving the following simultaneous equation:
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Fig. 7. Intensity profile.
2h0 + h0 f ′0 = 3( f1 − f0),
h1 f ′1 + 2h1 f ′2 = 3( f2 − f1),
h1 f ′0 + 2(h0 + h1) f ′1 + h0 f ′1 = 3
h1
h0
( f1 − f0) + 3h0h1 ( f2 − f1)
(4)
with
hi = xi+1 − xi (i = 0, 1). (5)
3. A spline curve is given by:
pi(x) = ai(x − xi)3 + bi(x − xi)2 + ci(x − xi) + di, (6)
where ai, bi, ci, di, are the coeﬃcients given by:
ai = 2
( fi − fi+1)
h3i
+
f ′i + f ′i+1
h2i+1
,
bi =
3( fi+1 − fi)
h2i
− 2 f
′
i + f ′i+1
hi
,
ci = f ′i ,
di = fi.
(7)
4. Estimate the blood vessel diameter using the spline curve pi.
6. Experimental results
The proposed method is applied to the actual SLO eye fundus moving image. The size of the image is 720 × 480
pixels, and the moving image has 300 frames (30fps). The size of the template for template matching is 80×70 pixels.
In the experiments, the blood vessel diameter is evaluated and then its time course is obtained. The average values
of the blood vessel diameters for each segment are however diﬀerent. Therefore, the time course of the blood vessel
diameter were normalized with mean 0 and variance 1 for each vessel segment. The evaluated time course of the
blood vessel diameter contains quantization noise, which is removed by low pass filtering.
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Fig. 8. Spline curve.
(a) (b)
Fig. 9. Edge tracking of the blood vessel. (a) Contraction period. (b) Expansion period.
Fig.9 shows the edge tracking of blood vessel at the periods of the contraction and expansion of the eye fundus
blood vessel. It can be observed that the edge of the blood vessel is successfully tracked.
Fig.10 shows the normalized time course of the blood vessel diameter. Ten peaks are found in Fig.10 which shows
that the eye fundus blood vessel is beating about sixty times per minute. An adult’s heart rate is about 50-70 per
minute. The beat detected by the proposed method roughly matches with an adult’s heart rate.
Fig. 10. The normalized time course of blood vessel diameter in SLO eye fundus moving imageɽ
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7. Conclusions
In this paper, we have proposed a method to detect a beat of a blood vessel from SLO eye fundus moving image.
In the experiments, the proposed method has been applied to the actual SLO eye fundus moving image, and we have
succeeded to detect the beat of the blood vessel.
The topic of this paper is very original and a first trial not yet done by anybody, so the comparative discussions
with other competing methods are not given. Further, for the moment, the amount of data is small, so the experiments
for other data are left for the future studies. Future issues include making an index of arteriosclerosis, and developing
a method to apply to the moving image of OCT (Optical Coherence Tomograph).
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